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DOVRVHUUDWHGFKLSVDEUDGHWKHWRROUDNHIDFHDQGFUHDWHVFDUVLQWKHUDNHZHDUVXUIDFH)LJVKRZVWKHHYLGHQFHIRU
WKH VKRUW VDZ WRRWKHG ORRVH DUF W\SHV FKLSV REWDLQHG GXULQJ WXUQLQJ RI KDUGHQHG+ VWHHO +RZHYHU ZKHQ WKH
FXWWLQJWHPSHUDWXUHLVYHU\KLJKGXHWRWKHLQFUHDVHRIFXWWLQJVSHHGDQGIHHGUDWHWKHFRDWHGOD\HURQWKHWRROIDFH
EHFRPHVVRIW8QGHUVXFKFRQGLWLRQV LWFDQEHHDVLO\DEUDGHGE\WKHKDUGSDUWLFOHVRIWKHZRUNPDWHULDODQGWRRO
ZHDULVDFFHOHUDWHG7KHUHIRUHWKHOLIHRIFRDWHGFHUDPLFWRROVZRXOGJUDGXDOO\EHUHGXFHG,WLVDOVRUHYHDOHGIURP
WKH LQYHVWLJDWLRQ WKDW WKH WRRO ZHDU LV FRQFHQWUDWHG W\SLFDOO\ RQ WKH QRVH UHJLRQ EHFDXVH RI KLJKHU VWUHVVHV DQG
WKHUPDOVRIWHQLQJRIWRROPDWHULDOGXHWRKLJKHUWHPSHUDWXUHDWWKLVUHJLRQ +RUQJHWDO
)LJ &KLSIRUPDWLRQ GXULQJKDUGHQHG+WXUQLQJDW 9F PPLQI PPUHY DQGG PP
6XUIDFHURXJKQHVVLQIOXHQFHVQRWRQO\GLPHQVLRQDODFFXUDF\RIPDFKLQHG FRPSRQHQWV EXWDOVRWKHLU PHFKDQLFDO
DQG FKHPLFDO SURSHUWLHV 6XUIDFH URXJKQHVV LV D VLJQLILFDQW SDUDPHWHU WR HYDOXDWH WKH SHUIRUPDQFH RI WKH FXWWLQJ
WRROV GXULQJ KDUG PDFKLQLQJ7KH LUUHJXODULW\ RI DPDFKLQHG VXUIDFH LV WKH UHVXOW RI WKHPDFKLQLQJ SURFHVV ,W LV
LQFOXGLQJ VHOHFWLRQRIFXWWLQJFRQGLWLRQVHQYLURQPHQWDOFRQGLWLRQV,QKDUGWXUQLQJSURFHVVWKHVXUIDFHURXJKQHVVLV
SURPLQHQWO\ DIIHFWHG E\ D QXPEHU RI IDFWRUV VXFK DV WRRO JHRPHWU\ WRRO QRVH UDGLXVZRUN KDUGQHVV DQG FXWWLQJ
FRQGLWLRQV )LJ  VKRZV WKH ,QIOXHQFH RI FXWWLQJ SDUDPHWHUV RQ VXUIDFH URXJKQHVV 5D GXULQJ PDFKLQLQJ RI
KDUGHQHG$,6,+VWHHOZLWKFRDWHGFHUDPLFWRRO7KHVXUIDFHTXDOLW\RIWKHPDFKLQHGSDUWLQFUHDVHVZLWKLQFUHDVH
LQFXWWLQJVSHHG,WFDQEH FRQFOXGHG WKDW WKH ORZHUVXUIDFHURXJKQHVVYDOXHVDUHREWDLQHGDWKLJKHUFXWWLQJVSHHGV
GXH WROHVVYLEUDWLRQDQGORZHUIRUFHVFXWWLQJ IRUFH DQGWKUXVWIRUFHJHQHUDWHG /LPDHWDO$QGWKHVHFRQG
SRLQW LV WKDW DW KLJK FXWWLQJ VSHHG EHWWHU VXUIDFH ILQLVKZDV REWDLQHG VLQFH OHVV KHDWZDV GLVVLSDWHG WR WKHZRUN
PDWHULDODVLWZDVVZHSW DZD\LQWKHIORZLQJFKLSV 7KHPLQLPDOVXUIDFHURXJKQHVVUHVXOWVZLWKWKHFRPELQDWLRQRI
ORZIHHGUDWHDQGGHSWKRIFXWZLWKKLJKFXWWLQJVSHHG 7KHVXUIDFHURXJKQHVVLQFUHDVHVZLWKLQFUHDVLQJIHHGUDWHV
KRZHYHU LW UHPDLQVDOPRVWXQDIIHFWHGDW ORZHU IHHG UDWH ,W LQGLFDWHV WKDW WKHDPRXQWRIKHDWJHQHUDWLRQ LQFUHDVHV
ZLWKLQFUHDVHLQIHHGUDWHEHFDXVHWKHFXWWLQJWRROKDVWRUHPRYHPRUHYROXPHRIPDWHULDOIURPWKHZRUNSLHFH7KH
SODVWLF GHIRUPDWLRQ RI WKH ZRUN SLHFH LV SURSRUWLRQDO WR WKH DPRXQW RI KHDW JHQHUDWLRQ LQ WKH ZRUN SLHFH DQG
SURPRWHVURXJKQHVVRQWKHZRUNSLHFHVXUIDFH *UH]LVN2]HODQG.DUSDW$QGWKHVHFRQGSRLQWLV
WKDWFXWWLQJZLWKFRDWHGFHUDPLFWRROKDYLQJDFHUWDLQZHDUJHQHUDWHVVXUIDFHURXJKQHVVWKDQD IUHVKWRROEHFDXVH
WKHWRROZHDULVSURSRUWLRQDOWRWKHFXWWLQJIHHGUDWHDQGURXJKQHVVLVDUHSURGXFWLRQRIWKHWRROQRVHSURILOHRQWKH
ZRUNSLHFHVXUIDFH
 &RQFOXVLRQV
%DVHGRQWKHH[SHULPHQWDOUHVXOWVWKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQ
x 7KHFHQWUDOFRPSRVLWHGHVLJQ&&'HPSOR\HGLQWKLVVWXG\SURYHGWREHDQHIIHFWLYHWRROIRUPRGHOLQJWKH
WRRO ZHDU DQG VXUIDFH URXJKQHVV 7KH UHGXFHG TXDGUDWLF PRGHO GHYHORSHG XVLQJ 560 LV UHDVRQDEO\
DFFXUDWHDQGFDQEHXVHGIRUSUHGLFWLRQZLWKLQWKHOLPLWVRIWKHIDFWRUVLQYHVWLJDWHG
x 7KH FXWWLQJ VSHHG KDVPRVW VLJQLILFDQW HIIHFW RQ WKH WRROZHDU DQG IHHG UDWH  DQG WKHQ
GHSWKRIFXW,QKDUG WXUQLQJLQFUHDVHGFXWWLQJVSHHGVLJQLILFDQWO\LQFUHDVHVWKHWHPSHUDWXUHDWWKH
FRQWDFW]RQH VXEVHTXHQWO\ UHVXOWLQJLQGUDVWLFLQFUHDVHRIWKHWRROZHDU
x $EUDVLRQZDVWKHSULQFLSDOZHDUPHFKDQLVPVREVHUYHGDWKLJKHUFXWWLQJFRQGLWLRQVDQGDGKHVLRQDWORZHU
FXWWLQJFRQGLWLRQV
x 7KH IHHG UDWH ZDV WKH KLJKHVW LQIOXHQFLQJ IDFWRU RQ VXUIDFH ILQLVK  FXWWLQJ VSHHG  DQG
IROORZHG E\ GHSWK RI FXW  7KH VXUIDFH ILQLVK ZDV LPSURYHG DV FXWWLQJ VSHHG ZDV LQFUHDVHG DQG
GHWHULRUDWHGZLWKIHHGUDWH
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x 7KH UHODWLRQVKLS EHWZHHQ FXWWLQJ SDUDPHWHUV DQG WKH SHUIRUPDQFH PHDVXUHV WRRO ZHDU DQG VXUIDFH
URXJKQHVV DUH H[SUHVVHG E\ PXOWLSOH UHJUHVVLRQ HTXDWLRQ ZKLFK FDQ EH XVHG WR HVWLPDWH WKH H[SUHVVHG
YDOXHVRIWKHSHUIRUPDQFHOHYHOIRUDQ\SDUDPHWHUOHYHOV
x 7KHXVHRI FRDWHG FHUDPLFWRROV 39'7L1 ZLWK VXLWDEOH FXWWLQJ SDUDPHWHUVRQKDUGWXUQLQJRI $,6, +
VWHHOSHUPLWDVXUIDFHURXJKQHVV5D P FRUUHVSRQGLQJ D JUHDW GLPHQVLRQDO DFFXUDF\ ZLWKRXWQHFHVVLW\
RIJULQGLQJ SURFHVV
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUHJUDWHIXO WR.HQQDPHWDO ,QGLD/WG%DQJDORUH IRU SURYLGLQJ IDFLOLWLHV WR FRQGXFW H[SHULPHQWV DQG
VXSSRUWWKURXJKRXWWKLVZRUN
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